Appl.No. 10/730,826 
Amdt. dated April 6, 2004 

Amendments to the Specification: 

Please replace the paragraph beginning at page 1, line 3, with the following rewritten 

paragraph: 

Thiis is a continuation in part of U.S. Patent Application: This application is a 
continuation of co-pending U.S. Application Serial No. 10/208,283, filed on July 29. 2002, now 
U.S Patent No. 6,662,036, which is a continuation of U.S. Application Serial No. 10/043.584, 
filed on January 10, 2002, now abandoned, which is a continuation of U.S. Application Serial 
No. 08/980,572. filed on December 1, 1997, now U.S. Patent No. 6,405,072, which is a 
continuation in part of U.S. Application Serial No. 08/482,213, filed June 7, 1995 by Eric R. 
Cosman for "An Optically Coupled Frameless Stereotactic Space Probe," which is a continuation 
of Serial No. 08/299,987, filed September 1, 1994 by Eric R. Cosman for "An Optically Coupled 
Frameless Stereotactic Space Probe," now abandoned, which is a continuation of Serial No. 
08/047,879, filed April 15, 1993 for "An Optically Coupled Frameless Stereotactic Space 
Probe," now abandoned, which is a continuation of Serial No. 07/941,863, filed September 8, 
1992 by Eric R. Cosman for "An Optically Coupled Frameless Stereotactic Space Probe," now 
abandoned, which is a continuation of Serial No. 07/647,463, filed January 28, 1991 by Eric R. 
Cosman for "An Optically Coupled Frameless Stereotactic Space Probe," now abandoned. 

Please delete the paragraph beginning on page 1, line 18. 

Please delete the paragraph on page 1, line 24 that bridges onto page 2. 

Please delete the paragraph beginning on page 2, line 2. 
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Please delete the paragraph beginning on page 2, line 12. 

Please replace the paragraph beginning at page 7, line 22, with the following rewritten 
paragraph: 

As indicated above, the patient P lies on the couch F and is specifically shown reclining 
on a couch top 1 1 . The couch top 1 1 is movable; that is it can be displaced in Cartesian 
translations as indicated by double-ended arrows X, Y and Z. Such displacements are 
accomplished by a mechanism 10, shown in phantom within the couch F. Direct manual etrel 
control is afforded by the panel 4A with data efeel control from the treatment processing system 
T. Note that the couch F also rotates about a vertical axis 12 (mechanical linkage) as indicated 
by a double-ended arrow 12 A. A third orthogal orthogonal axis 14 (patient lateral) is indicated 
to pass through the isocenter point 7 as will be described in detail below. 

Please replace the paragraph beginning at page 9, line 26, with the following rewritten 
paragraph: 

Regarding the camera system C, the individual optical cameras 17, 18 and 19 essentially 
"look" at the position and orientation of the patient P, that is, viewing the volume 
containing the patient P and the apparatus as explained above. The markers 20, 21, 23, and 24 
can be "seen" by the cameras to track marker positions relative to the isocenter point 7 and the 
beam B. By way of a disclosing reference, see U.S. Patent 5,446,548, entitled "Patient 
Positioning and Monitoring System", L.H. Garrick Gerig and S.F. El-Hakim, issued August 29, 
1995; as well as an operating system identified as the OTS Optical Tracking System produced by 
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Radionics, Inc. of Buriington, Massachusetts, or a Motion Tracking System available from 
Oxford Metronics, Oxford, England. 

Please replace the paragraph beginning at page 10, line 22, with the following rewritten 
paragraph: 

Another set of markers, 30, 31 and 32 are attached to the couch F, shown variously 
disposed on the couch top 1 1 . The markers 30, 3 1 and 32 also are detected by the camera system 
C to determine the orientation of the couch F relative to the camera system C. Thus, by using 
outputs from the camera system C, the processor 34 also provides data indicating the position of 
the couch F in camera space. Utilizing such data, the processor 34 fimctions with other 
components of the treatment processing system T to coordinate data and accomplish the 
fimctions as described above. Other components of the treatment processing system T include 
an imager 35, a treatment and planning system 36, a /comput e r comparator/ computer 37, a 
controller 38 and an interface display xmit 39. The detailed operation of the treatment processing 
system T is treated below. 

Please replace the paragraph beginning at page 11, line 8, with the following rewritten 
paragraph: 

Still another set of index markers 4 0, 4 1 40A, 40B and 42 40C is fixed on the gantry 1, 
also to indicate positions in camera space. Furthermore, markers 43 are fixed on the collimator 5 
(end of the gantry 1) specifically to enable three-dimensional tracking of the gantry and the beam 
B relative to the patient P and the couch F. Thus, the camera system C provides data to 
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coordinate the treatment machine L, the beam B relative to the patient P, aligning an anatomical 
target with the beam B at the isocenter point 7, or other focus of radiation. 

Please replace the paragraph beginning at page 12, line 2, with the following rewritten 
paragraph: 

As indicated, during the scanning process, the positions of the index markers 20, 21, 23 
and 24 on the patient P are determined in the coordinate space of the scanner (CT or MRI, scan 
space) employed to generate the image scan data. For example, for CT scanning, graphic 
reference markers can be radiopaque markers placed on the skin at positions indicated by index 
markers 20, 21, 23, and 24. They could be, for example, radiopaque circles stuck down to the 
skin at points where a tatoo tattoo or ink mark is made. Knowing the coordinates in the scan 
space, and the coordinate locations of anatomical objects relative, to them (markers 20, 21, 23 
and 24) the target sites to be radiated are determined relative to the index points defined by the 
markers 20, 21, 23 and 24. As indicated, image scan data for the index-marked positions is 
stored in the imager 35 or image data storage memory ^ for use by the plaiming system 36 and 
the computer 37. 

Please replace the paragraph beginning at page 12, line 18, with the following rewritten 
paragraph: 

In the treatment planning computer 36 37, positions are determined for the markers 20, 
21, 23 and 24, relative to the anatomy of the patient P and the selected internal anatomical 
targets. Accordingly, target coordinates within a volume are resolved in the scan data coordinate 
system. 
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Please replace the paragraph beginning at page 15, Une 4, with the following rewritten 

paragraph: 

The camera system C can monitor the process as described above and provide a feedback 
signal for automatically driving the couch F. Beam positions and dose rates measured in monitor 
units through the collimator 5 also can be preplanned and actuated either by manual-operator 
control 38A (panel 4A) or automatically through the controller 38. 

Please replace the paragraph beginning at page 16, line 16, with the following rewritten 
paragraph: 

A camera system CI (FIGURE 2) comprises two cameras, 17 18, that are stably secured 
(symbolically indicated), as to the ceiling of the treatment room. The cameras 17 and 18 are 
fitted with annular rings 17A and 18 A, respectively, each containing a circular array of multiple 
light sources 17B and 18B respectively. The light sources 17B and 18B may be LED's (light 
emitting diodes) to illuminate the markers on the patient P and the LINAC machine L as 
symbolically represented by the collimator 5A 5. The light from the sources 17B and 18B is 
reflected as indicated by dashed lines and arrows 17C and 18C extending from the sources 17B 
and 18B and reflecting back to cameras 17 and 18. 

Please replace the paragraph beginning at page 17, line 21, with the following rewritten 
paragraph: 

In the context of FIGURE 2, with the scan data recorded and the position configurations 
being sensed by the camera system CI, a target PI within the patient P is established within a 



6 



Appl.No. 10/730,826 
Amdt. dated April 6, 2004 

treatment volume P2. The target PI may be the nominal focus of radiation from the collimator 
$A 5, and the contour of X-ray dose from the LINAC machine may be intended to engulf the 
target volume P2. In certain applications, it is desirable to move the target to an isocenter 7 
(FIGURE 1) for convergence of radiation beams to the target volume P2. Accordingly, as 
indicated above, the couch 1 1 may be moved to accomplish the desired coincidence. 

Please replace the paragraph beginning at page 20, line 7, with the following rewritten 
paragraph: 

FIGURES 3A, 3B and 3C show other exemplary forms of markers as generally 
introduced in FIGURE 2 that are useable for tracking in accordance with the present invention. 
FIGURE 3A shows a tatee tattoo 60 61B which may have been made on a patient's skin 
preparatory for CT scanning. The indicated location would correspond, for example, to the 
desired placement position for a radiopaque apertured disk or marker detectable during the 
scanning. Later, preparatory to treatment, a retroreflective apertured disk 61 is applied to the 
patient precisely as indicated by the tatee tattoo 6© 61B . An aperture or hole 61 A is defined in 
the center of the disk 61 for registration with the tatee tattoo 60 61B . In an alternative form, the 
disk 61 may define a reflective dome or spherical surface of a reflective nature for effective 
camera detection. 

Please replace the paragraph beginning at page 20, line 27, with the following rewritten 
paragraph: 

Another alternative form of marker is shown in FIGURE 3- 3C and includes an array of 
spaced-apart, reflecting spheres 66A, 66B, and 66C fixed to a shaft or stock 65 defining a 
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threaded distal tip 67. In use, the marker is throadabl e threadablv engaged with bone B beneath 
the skin of the patient P. An example of the marker's use would be to determine the orientation 
repeatedly of a pelvis location for prostate or gynecological irradiation. Such markers could be 
percutaneously fixed into the iliac crest bone of the pelvis at one or more locations and remain 
there for a duration of treatment. The marker also could be put in at the time of image scanning 
to produce scan data. The array of spheres could then be attached to a stud section emerging 
from the patient P, for example, at the time of treatment to provide a reflective surface. Clusters 
or triads of reflecting spheres or other geometric objects or shapes could be attached to one 
threaded shank adapter to provide both position and orientation information with respect to the 
pelvis. The spheres could be attached and removed repeatedly from the shank for repeated 
relocation. 

Please replace the paragraph beginning at page 28, line 10, with the following rewritten 
paragraph: 

Information from camera system C3 is represented by signals applied to a video 
processor 1 12 to capture the video field of view and to reduce the locus of points of structured 
light on the surface 1 17 to a set of three-dimensional points in space relative to camera 
coordinate 44*. Thus a rendering of a portion of the surface of the patient's body can thereby 
be done. The cast light could be by laser or pattern projection and could be in different 
frequency ranges (visible or infi-ared) as different colors and patterns to better differentiate 
patterns and backgrounds. 
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Please replace the paragraph beginning at page 28, line 20, with the following rewritten 
paragraph: 

Image scan data, supplied by a data computer represented by a block ^ 35A, also can be 
segmented to render the reconstructed surface of the skin of the patient P. See by reference the 
XKnife System of Radionics, Inc., Burlington, Massachusetts. This would provide an analogous 
computer graphic rendering of the same surface information as in the video processor 112. 
Those two surface data sets can be input to an image fusion computer 1 14 which implements an 
image fusion algorithm to fuse the video surface and the reconstructed image base surfaces 
described above. This can be done by a chamfer algorithm, an example of which is embodied in 
the Image Fusion algorithm of Radionics, Inc., Burlington, Massachusetts. Such an image fusion 
of surfaces provides a registration of the 3D data set from the image scan to the coordinate 
system of the video processor. This is a transformation from the stereotactic image data set of 
the image scanner to the 3D coordinate system of the camera spac e system 44 C3. Since the 
camera is also registered relative to the external LINAC apparatus, its couch, gantry, and 
collimator, this provides a transformation of the image data set to the coordinate space of the 
LINAC. 

Please replace the paragraph beginning at page 29, line 13, with the following rewritten 
paragraph: 

As illustrated in FIGURE 6, in the process of treatment planning, a target position point 
44 and target volume 45 are determined in the body and rendered in the image scan data of the 
data computer ^ 35A . The coordinates of these structures in turn are transformed as just 
described to the coordinate system of the camera space. Therefore, the position of the target 
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point 44 in the camera space is "known" by the camera system and its associated optical 
processing and computer storage processor 112. 

Please replace the paragraph beginning at page 29, line 22, with the following rewritten 
paragraph: 

The output from the video processor 1 12 and the image data plus treatment planning data 
from the imag e r 35 data computer 35 A enter the image fusion computer 1 14. After image fusion 
of the reconstructed image data surface and the video detected surface, the target coordinates and 
target volume information from the computer 1 14 are sent to the LINAC controller controls 38. 
This will enable either manual positioning of the anatomical target 44 to the LINAC isocenter 
point 7 or actuate automatic controls to do the same. The user interface and display system 39 
enables the clinician to assimilate all of this information visually and to actuate the movement of 
the couch 1 1 for the translation just described. These movements are indicated by two of the 
coordinates, Y and Z in FIGURE 6. 

Please replace the paragraph beginning at page 30, line 16, with the following rewritten 
paragraph: 

Also shown in FIGURE 6 is a portal imaging system 85. Such portal-imaging digitized 
detectors are common on commercially available LINACs today. A beam from collimator 5 
(representing the LINAC) is sent generally in the direction of the principal axis 6 5A, through the 
patient's anatomy and passing by isocenter point 7. Bony structures within the patient's anatomy 
will be seen on the digital portal image. Once the patient's body has been moved to the desired 
position by the video tracking described above, such a portal image can be taken at particular 
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gantry, couch, and beam positions. From the 3D image data, a reconstructed projected portal 
image to render the skeletal details inside the body can also be generated to simulate the same 
direction of the beam in physical space. A correlation or difference in positioning of the portal 
image compared to the reconstructed portal image will also give information on translation and 
rotation corrections for the patient positioning on the couch 1 1 with respect to the LINAC 
machine (collimator 5) so as to bring these two portal image views into closer registration. This 
can give incremental values of X,Y, and Z to further vemiate the desired target spot to the 
isocenter. By reference, note the article entitled "Automatic On-Line Inspection of Patient Set- 
Up in Radiation Therapy Using Digital Portal Images," by Gulhuijs, K.G.A. and vanHerk, M., 
Med. Phys., 20(3), May/June 1993. 

Please replace the paragraph beginning at page 32, line 5, with the following rewritten 
paragraph: 

Index markers 131 A, 131 B, and 131C are attached to the ultrasonic scanner 130 so that 
camera system C4 can detect in three dimensions the orientation of the ultrasonic unit relative to 
the patient P. Other index markers may be placed on the patient's body such as marker 20 for 
purposes of registration of the body anatomy as well. Thereby a target point 44 can be 
identified, and because its position is known in the coordinate space of the ultrasonic imager 130, 
and because the position of the ultrasonic imager 130 is known in the coordinate space of the 
camera 4€ C4, then the position of target point 44 can be known by appropriate transformation in 
the coordinate space of the camera C4. 
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Please replace the paragraph beginning at page 32, line 17, with the following rewritten 
paragraph: 

A target volume 45 also can be detected by the ultrasonic detector 130. Its 3D position 
may also be thereby determined in the 3D coordinate space of the camera system C4. This, then, 
illustrates an example of a real-time image scanner to provide updated positioning of internal 
organs and tumors. Use in soft tissues such as prostate, breast, head and neck, larynx, liver, and 
so on can enable corrections to organ shift that may occur from initial CT, MR, or other 
scanning. Computer 136 can compare or image fiise current ultrasound images fi-om the 
processor 135 to historic scan data and/or camera position data to make body position 
corrections. Position corrections and interface display by LINAC controls 38 and display 39 are 
similar to the examples given previously to move target 44 to isocenter 7 of beam 6 5A of 
LINAC collimator 5. A similar example to this could substitute an interoperative CT or MR 
scanner for the ultrasonic image, with optical index markers analogously attached to the CT or 
MR interoperative scaimer. 

Please replace the paragraph begirming at page 33, line 20, with the following rewritten 
paragraph: 

The collimator 5 has a central axis 6 5A (beam) which also may pass through the point 
141 as the isocenter of the radiation beam as well as the camera views. It is not necessary that all 
the camera axes have coincident axes. They may be set at arbitrary directions and calibrated to 
the scanner or treatment machine coordinate space in a manner described in connection with 
Figure 10 as described below. By precalibration, the position of the isocenter 141 may be known 
virtually in the camera coordinate space of each of the cameras and in each of the camera views. 
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This may be convenient, depending on clinical setting and patient and treatment setup. One of 
the cameras also may be tracking the position of the couch 1 1 and another camera may track the 
collimator 5 geometry and specifications of the LINAC space and room. The cameras may have 
a known calibration in the 3D space of the room. An example of a calibration procedure and 
system is shown below. 

Please replace the paragraph beginning at page 34, line 27, with the following rewritten 
paragraph: 

The electronic signal output from the cameras 440 140 A, 140B, HOC, and HOD may be 
processed by video electronics, indicated by the processor of block 34 in FIGURE 8. The 
processor 34 provides power and strobe signals to the video cameras. Output data from the 
video cameras generates electronic signals for a display unit 150 which includes a comparator, 
display software and a display device, such as a CRT. Real video views of the patient's body on 
the treatment couch top 1 1 can be reduced to digital displays in a calibrated relationship in terms 
of their magnification, relationship to the isocenter point 141, and relationship to other points in 
the 3D space of the treatment/diagnostic room. 

Please replace the paragraph beginning at page 38, line 23, v^th the following rewritten 
paragraph: 

Figure 9B illustrates the result of a computational translation of the dashed line 155 to 
coincide with the solid line 154 from FIGURE 9A. In FIGURE 9B, the dashed line 155 A (which 
is the translated and/or rotated analog of external contour line 154 in FIGURE 9A) is now lying 
close to the solid video image outline of the external surface 154. Bringing the two lines 154A 
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and 155 A into coincidence can be done manually by the operator by manipulation of the display 
in 150 or it can be done automatically by a mathematical algorithm in 150 which recognizes the 
two lines and image fuses them by a line minimization approximation, chamfer algorithm, or 
curve fitting process. This would give rise, therefore, to a virtual positioning of the selected 
target point 156A and volume outline 157A with respect to the actual video projection line 154. 
With this registration having been done, then the associated translation shifts AX and AZY, as 
shovm in FIGURE 9B, can be determined from the display or the computer output of 1 50. Thus 
AX and AZY correspond to the translations of the couch 1 1 in FIGURE 8 required to bring the 
selected target point 156A into coincidence with the isocenter point 158 as viewed in the 
projection parallel to axis 143. In this example, the patient is lying substantially horizontal on 
the couch top 1 1 in a similar position to the orientation of the patient on a CT couch, for 
example, where a horizontal is established. Otherwise, a sequence of rotations and translations 
can be implemented mathematically for a similar coincidence of target point to isocenter point 
for multiple camera views. 

Please replace the paragraph beginning at page 40, line 16, with the following rewritten 
paragraph: 

Referring to FIGURE 9C, a projected view of video surface contour 160 as seen from 
video camera 140B is brought into coincidence with a reconstructed video view from direction 
142 as determined in treatment planning computer 36. The external contour of the patient's body 
is indicated by the dashed line 161 . The appropriate mathematical shifting of the treatment 
planning external contour has been done in 150 so as to bring these projected surface contours 
into coincidence, as discussed in connection with FIGURES 9A and 9B. Furthermore, the target 
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position 162 and treatment volume 164 can be rendered in the projected 2D view of the 3D data 
from the image scanning, and these also are shown in FIGURE 9C in relation to the real video 
contour 160. The component distances AXY and AZ similarly correspond to the couch 
translations to make the target point 162 coincide with projected isocenter point 159. 

Please replace the paragraph beginning at page 42, line 25, with the following rewritten 
paragraph: 

Referring to FIGURE 10, apparatus is shown for calibrating a camera system to the 
isocenter position and principal axes of a treatment planning machine, image scanner, or 
simulator. Camera system C4 is positioned to view the treatment or imaging field. The lasers 
160, 161, and 162 are positioned to send laser beams 160A, 161 A, 162 A to converge at a 
common point. This point, for example, may be the isocenter of a LINAC. Alternatively, the 
lasers could cast sheets of light in planes which include the isocenter. At the isocenter is placed 
a marker object 170, which may be a source of light, a globe-emitting light, an LED light 
source, a retreoflecting sphere, a reflecting geometric object, an object with a specific geometric 
pattern of lines, crosses, diamonds, other objects, and so on which would indicate the position of 
the intersection of the laser beams and therefore the position of isocenter. Camera system C4 
detects the field including the object 170. Since this can be registered in the output data firom the 
video cameras, which is processed by a CCD camera or video camera processing electronics and 
computer 177, then the electronic data corresponding to the 3D position of the object 170 is 
thereby determined. The camera processor 177 can store that position, and when 170 is taken 
away and a patient put in place, then 177 can refer to all other 3D points in space with reference 
to it. In this way, camera system 44 C4 is calibrated with respect to its 3D coordinate space and 
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in respect to the point corresponding to isocenter where the object 170 is placed. The object 170 
could be pre-aligned and calibrated with the laser beams 160 A, 161 A, 162 A by a series of light 
detection measurements prior to camera calibration. (By reference, see the MIS Mechanical 
Isocenter Standard of the XKnife System by Radionics, Inc., Burlington, Massachusetts). 

Please replace the paragraph beginning at page 43, line 28, with the following rewritten 
paragraph: 

Also shown in FIGURE 10 are video cameras 140 A, HOB, and MOD, which are 
analogous to those used in the embodiment of FIGURE 8 in accordance with the present 
invention. These could be an alternative or an augmentation of the camera system +4 C4 
according to the clinical needs. The cameras 140 A, HOB, and HOD are shown in this example 
colinear with the lasers 160, 162, and 161 only for the purpose of illustration. Indeed, the video 
cameras and the lasers may be very close together or the laser beams may be delivered colin e arly 
coUinearlv vnth the cameras by means of split prisms or beam-splitting mirrors so that the lasers 
themselves do not obstruct the camera view. The calibration structure 174 may have additional 
markers visible on lateral views such as 172, 173, and 175 to give a perspective and 
magnification calibration for the lateral cameras HOB and HOD. The video cameras 140 A, 
HOB, and HOD may be used for repositioning external contours of the patient or may be used to 
develop video data of optical index markers to produce camera marker coordinates in accordance 
wdth the discussion above. With three or more non-colinear points in any camera projection, 
perspective use of the cameras can be developed whereby calibration of the cameras relative to, 
for example, the isocenter of a linear accelerator could be made and embedded in the positioning 
computer 178 in FIGURE 10. 



16 



Appl.No. 10/730,826 
Amdt. dated April 6, 2004 



Please replace the paragraph beginning at page 44, line 23, with the following rewritten 
paragraph: 

Also, to calibrate the laser axes in the coordinate space of the cameras, other objects such 
as 171, 172, and 173 are placed in known positions relative to these axes, and also detected by 
camera system C4. Again the camera processor 177 can record this data and determine in its 
stereoscopic 3D coordinate frame the position of the axis points 171, 172, and 173 as well as the 
origin point 170. In this way, the 3D coordinate system associated with imaging scanning, 
simulator, or treatment machine can be calibrated and transformed into the 3D coordinate 
system of the camera i€ system C4 . 

Please replace the paragraph beginning at page 45, line 5, with the following rewritten 
paragraph: 

A processing computer 178 may also be connected to the camera processor 177 for the 
purpose of storing such spatial information and for the purposes of registering other 3D points 
which may come into the field of view of the cameras relative to the transformed coordinate 
system as described above. When a patient is placed on a LINAC treatment table with a 
calibrated camera s e t 16 system C4 and with appropriate registration or index markers on the 
patient and the LINAC apparatus, then all of the physical objects such as the patient's body, the 
treatment couch, and the LINAC collimator 5 can be detected and can be mapped into the 
coordinate system defined by the isocenter and the laser axes. The use of orthogonal lasers to 
define isocenter is commonly used in modem day LINAC treatment setups. 
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Please replace the paragraph beginning at page 45, line 19, with the following rewritten 
paragraph: 

FIGURE 1 1 illustrates another embodiment in accordance with the present invention 
wherein the use of camera tracking of the patient and apparatus is associated with an image 
scanning apparatus as described previously. As in the above description in connection with 
previous figures, the patient P is on a couch top 1 1 . The couch top 1 1 may have X, Y, or Z 
movement, or, in the case of some CT scanners only, movement in the vertical and longitudinal 
directions, Y and Z. The couch top 1 1 has optical index markers, patterns, geometric objects, or 
other identifiable structures indicated by 30, 31, and 32. The associated apparatus 191 is shown 
as a toroidal scanner as for example for a CT, MRI, or PET scanner. This could be a C-shaped 
MRI magnet or other configuration of image scan device. Typically, X-ray fields or 
electromagnetic fields emanating from apparatus 191 for CT or MRI scanning are used to 
perform volumetric or tomographic scanning on the patient. These fields are schematically 
illustrated by the dashed line such as 192. In accordance with the previous description, optical 
index markers or fiducial points, illustrated for example by objects 20, 21, and 23, are placed on 
or in proximity to the patient's skin. As described above, these could be natural landmarks, or 
they could be other geometric objects such as spheres, discs, pattern plates, etc. They are visible 
when the patient is in certain positions to the field of view of camera 44 system C5 . In FIGURE 
11, only a two camera system C5 is shown which includes cameras 17 and 18. There is an 
annular, light-emitting ring 17A and 17B around the cameras in the case that reflective optical 
index markers are used on the patient or the apparatus. On the CT, MR, PET, or apparatus 191 
are index markers 40A, 40B, and 40C, and there may be more according to the need. These are 
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"visible" also to camera system C5. Thereby the location of the imaging apparatus relative to the 
patient can be determined in the 3D stereoscopic coordinate space of camera system C5. The 
video or camera processor 177 is integrated with comparator system and couch controller 178 
and/or coupled to a treatment planning system 36 in accord with the description above. From 
prior image scan data, a target 44 may have been identified in the patient's body. It may be 
desired, according to the clinical need, that rescanning for example in the operating room or in 
the treatment room is needed to assess the tissue volume near the historically determined target 
44. The image scan machine may have a reference point indicated in FIGURE 1 1 by the point 
187. This could be, for example, the nominal convergence point of X-rays in a CT scanner or 
some calibrated geometric point in the space of an MRI scanner reconstruction volume. 
Alternatively, it could simply be an arbitrary point which is determined by a calibration process 
within the coordinate space of or on the image scanner. A relationship of this reference point 
187 to the external apparatus 191 and its associated optical index points 44A 4QA, 44B 40B, and 
44G 40C can be precalibrated or determined, and therefore the camera system 16 may have in its 
memory storage, or in direct view, a determination of where the reference point 187 is relative to 
the other objects such as the patient's body and its associated index marks 20, 21, and 23. 

Please replace the paragraph beginning at page 48, line 13, with the following rewritten 
paragraph: 

Also shown in FIGURE 1 1 is head ring 194 attached to a patient's head. The head ring is 
similar to, for example, a CRW stereotactic head ring made by Radionics, In., Burlington, 
Massachusetts, or a Mayfield headrest made by Ohio Medical, Cincinnati, Ohio. This head ring 
may have index markers 195, 196, and 197 on it so that its position can be tracked by the camera 
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system 46 C5, and therefore the position of the head known with respect to the reference point 
187. Furthermore, by detecting these index markers on the head ring and also knowing the 
movement position of the couch top 1 1 from couch index markers such as 30, 31, and 32, the 
patient's cranial anatomy can be brought into the region of the scanner in a quantifiable way by 
appropriate movements of couch top 1 1. 
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